Introduction
The Oak Ridge Isochronous Cyclotron began operation in 1964, providing maximum beam energies up to approximately 75 q2/A2 MeV/A. Subsequent modifications of the cyclotron increased the maximum energy to 100 q2/A2 MeV/A. Although used primarily for light ions in early years, the cyclotron is now used almost exclusively for heavy ion research. With the internal Penning-type ion source, the cyclotron provides beams up to A=40 with energies high enough for nuclear physics.
In 1975 a major expansion of the facility was begun: the addition of the 25 MV tandem, and the ORIC beam injection system. In coupled operation, using the cyclotron as a booster accelerator, ion energies above the nuclear interaction barrier will be available for ions up to A=160. Construction of the new facility is complete and final testing is in progress.1,2
The superconducting conversion of the cyclotron will provide an additional large increase in energy capability ( Fig. 1 The computer program GFUN-3D5 which calculates the magnetic field of complex 3-dimensional systems of coils and iron, has been used to compute the ORIC magnetic fields. Comparison of GFUN-3D results with the measurements at 1.85 T, and with the analytical extrapolations at 3.3 T, shows good agreement. These results lend confidence to our predictions of the characteristics of the conversion.
Focusing
The maximum energy of an isochronous cyclotron may be limited by the bending power of the magnet, E = KB q2/A2 MeV/A, or by focusing, E = Kf q/A MeV/A.
The focusing limit occurs at the onset of loss of axial focusing. We have determined through equilibrium orbit code studies, using extrapolated ORIC magnetic fields, that Kf for the conversion is approximately 75 MeV. Mechanical stresses in the winding have been computed using the computer code STANSOL.6 Stresses from winding preload, cooldown, and energization were considered. A winding preload of about 49 MPa (7000 psi) was sufficient to prevent the windings from lifting off the bobbin. The maximum tensile stress in the conductor at full field was 80.5 MPa <11,500 psi).
Suspension and Cryostat Design
The Superconducting Coil System
The new coil system (Fig. 4) is designed to replace the existing coil system exactly; the cryostats for the superconducting coils will bolt onto the cyclotron yoke using the same mounting holes. A yoke stiffening system (not shown in the figure) will be provided to accommodate the increased magnet forces.
The mechanical suspension for the coils must support the attractive force of 3.9 MN (880,000 lb) between the coils with acceptably low heat leakage and deflection, and maintain the coils concentric and coplanar with the median plane to within ± 0.5 mm. The coil forces must be supported from the yoke through the cryostat. The design adopted (Figs. 5 
Beam Extraction System
The beam extraction system for the conversion (Fig. 7) will consist of an electrostatic deflector operating at a gradient of 120 kV/cm, followed by two -0.5 T room temperature coaxial magnetic channels7 and a -2.4 T superconducting coil channel. Only minor modifications of the beam transport system are required to serve all existing and planned experimental stations with the higher energy ion beams of the conversion. A small amount of additional radiation shielding will be required.
